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INTRODUCTION
Very diverse, more than 10,000 species of
chironomids, are distributed around the world.
Presently in Korea, only about 50 has been
reported out of 300 estimated species of
chironomids. Also in 1993, Chironomus
kiiensis and C. flaviplumus were reported to be
the two most prevalent species of chironomids
in Korea (Ree, 1993). The latter emerges from
eutrophic waters in urban areas, whereas the
former is distributed mainly in rural areas,
breeding in rice paddies, lakes, or other clean
waters. Although the climates between Japan
and Korea are similar, C. yoshimatsui, C.
plumosus, and Tokunagayusurika akamusi
which are dominant species in Japan, are
rarely found in Korea (Ree and Kim, 1981).
Chironomid midges and larvae are known to
contain potent allergens. Kimura et al. (1990)
reported that chironomid antigens were more
abundant than mite antigens in the outdoor
environment around the lake in the western
part of Japan. Usually, sensitized subjects are
frequently diagnosed as having bronchial
asthma and less frequently as having
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conjunctivitis. Historically, it has been
demonstrated that a midge, Cladotanytarsus
lewisi, occurred in enormous numbers in the
Nile basins in Sudan and caused severe
respiratory diseases in people living close to
the Nile (Kay et al., 1978). It has been reported
that chironomid larvae were widely used as
fish food in Germany, and that the significant
number of people exposed to larvae suffered
from allergic reactions (Baur et al., 1982).
Furthermore, the increasing frequency of IgE
antibody responses to chironomids was found
in patients with bronchial asthma in Japan
(Kino et al., 1987). In Korea, Park et al. (1991)
reported two cases of asthmatic patients
allergic to C. plumosus and T. akamusi
extracts. About 20% of the patients with
respiratory allergic symptoms in Korea were
reported to show positive reactions to the
chironomid extracts (Kim and Park, 1994).
Since these two species are rarely found in
Korea, the results indicated that their
chironomid antigens contained cross-reactive
materials with abundant chironomid species
in Korea.
Hemoglobins, which are unique components
of chironomids among insects, have been
identified as the most important allergen in
asthmatic patients (Baur et al., 1986;
Cranston, 1988; Kawai et al., 1996). Following
studies have defined both the physical and
chemical aspects of chironomid hemoglobins
(Mazur et al., 1987; van Kampen et al.,
1994a). On the other hand, nearly 40% of
Japanese, Taiwanese, and Swedish sera from
atopic patients were found to contain
antibodies against crude extracts from a
Japanese midge, Cricotopus sylvestris, which
has no hemoglobin (van Kampen et al.,
1994b). This result suggested the presence of
other cross-reacting allergens except the
hemoglobin. Presently, a few chironomid
allergens have been reported, except for the
hemoglobin; however, a protein with high
molecular weight in the whole body extract of
the chironomid adults was found to be more
allergenic than the hemoglobin (Matsuoka et
al., 1988).
In the present study, IgE-immunoblot
analyses were performed using both the sera
of humans with skin test positives to the
chironomid extract and immunized BALB/c
mouse sera to identify the IgE-binding proteins
in the whole body extract of C. kiiensis adults.
MATERIALS AND METHODS
Preparation of the crude extract of C.
kiiensis
Adults of C. kiiensis were collected every 3 or
4 days from July to October in 1997 using 3
light-traps on a rice paddy at Dokyang-gu,
Koyang-shi, Kyonggi-do, near Seoul, Korea.
They were identified and selected under a
stereomicroscope based on the key for
morphological identification (Ree, 1993). The
selected midges were stored at –70°C until
used.
Frozen midges were defrosted, homogenized,
and then extracted in 10 mM phosphate
buffered saline (PBS, pH 7.4) followed by
incubation for 10 hr at 4°C. The extracts were
used for the ELISA or immunoblot analysis.
Lyophilized midges were extracted in the
modified Coca solution (0.9% NaCl, 0.25%
NaHCO3, 0.4% phenol), and 1:40 (w/v) diluted
extracts were used for the skin prick test (Park
et al., 1991).
Human sera
The skin prick test with C. kiiensis crude
extract was performed with the patients who
visited the allergy clinic of Severance Hospital,
Yonsei University College of Medicine, Seoul,
or those visited the Department of Allergy and
Clinical Immunology, Ajou University Hospital
in Suwon-shi, Kyonggi-do, Korea. Sera of the
skin test positives were collected from June to
August in 1998, and kept frozen at –20°C until
used.
Production of antisera in mice
Six-week-old 3 female BALB/c mice were
immunized for the preparation of antiserum.
Aluminum hydroxide gel (alum) was prepared
as described (Ree et al., 1996). Twenty micro-
grams of the crude extract in PBS were mixed
with 1 ml of alum, and the mice were injected
intraperitoneally with the crude extract-gel
(0.1 ml, containing 2 µg of the crude extract
and 14 mg of alum) at 0, 4 and 8 week
intervals. At 5 and 9 weeks of immunization,
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to midge proteins with molecular mass in the
range of 16-32 kDa which corresponded to
hemoglobins.
The present study showed the IgE-binding
proteins with different molecular weights.
There were no IgE-binding proteins found that
were smaller than 20 kDa when using human
sera with positive skin test to chironomid
extracts or in experimentally sensitized
BALB/c mice. This indicated that chironomid
hemoglobin did not play any role in the IgE-
immunoblot analysis in the present study.
This result means that the SDS-PAGE analysis
may be responsible for the lack of involvement
of hemoglobins to the allergenicity of C.
kiiensis in this study. Kawai et al. (1996)
reported that a monomeric hemoglobin of
Polypedilum nubifer could bind to human IgE
after the treatment with non-denaturing
PAGE. The lack of allergenicity of hemoglobins
from C. kiiensis may also be attributable to the
scarceness of remnant hemoglobins in the
adult C. kiiensis when compared to those of
other Chironomus species. It, on the other
hand, is possible that the hemoglobin in the
extract was presumably allergenic, but the
serum samples used for the study did not
contain IgE antibodies to chironomid hemo-
globins. Several other IgE-binding proteins
with molecular weights higher than the
hemoglobin were rather easily detected
through the immunoblot analysis in this
study. The IgE-binding proteins in chirono-
mids need more investigations, especially on
their allergenicity to humans as well as their
characteristics at a molecular level.
Yamashita et al. (1989) suggested that there
might be no cross-reactivity or, if any, only
very low cross-reactivity between midge
allergens and house dust mite, silk, shrimp, or
mosquito allergens. However, the existence of
cross-reactive allergens between chironomids
and other arthropods has also been reported.
Ito et al. (1986) showed that 38% of the
patients with asthma had a positive skin prick
test with chironomid extract, and 80% of this
group also had a positive prick test with house
dust mites. Nagano et al. (1992) showed
evidently that cross-reactive epitopes to
chironomids were expressed on the Dermato-
phagoides pternyssinus with molecules of 45-
53 kDa. Witteman et al. (1995) showed the
presence of cross-reactivities between
chironomids and house dust mites, silverfish
or cockroaches by means of RAST-inhibition
studies. Pascual et al. (1997) noticed cross-
reactive bands between IgE-binding proteins
from Anisakis, German cockroach and
chironomids at 30-43 kDa on immunoblot
analysis. They also reported that none of the
sera recognized allergens in the 14 kDa area,
presumably chironomid hemoglobins. These
cross-reactive allergens should be a part of
chironomid allergens other than hemoglobins.
BALB/c mice were used in the study,
because the strain was well known to produce
high IgE among experimental mouse strains.
As expected, the mice showed some similar IgE
antibody binding responses to the potential
allergens for humans on immunoblot analysis.
Therefore, the experimental mouse, especially
BALB/c strain, can be used successfully for
the identification and characterization of
allergens, including those from various
insects. However, the different immune
response to the same protein was also
produced between the humans and mice. In
nature, allergens in the dead and dry midges
are exposed to humans. Once the midges
become dry, they are broken into very tiny
particles, and then many allergenic proteins in
live midges tend to loose their allergenicity.
Thus, the exposed antigens for humans in dry
midges must be different, and only a limited
sort of allergens could be inhaled to
chironomid-sensitive people. The results
obtained in the study using immunized mouse
sera through an artificial immunization with
chironomid extracts showed the IgE antibody
reactive allergens, but did not show the
allergens of interest, especially those in dry
forms in nature. The pattern of the immuno-
blot findings between the humans and mice
fail to represent the real difference in immune
responses of the two races to the allergens, but
showed the difference in immune responses
caused by the different challenging allergens.
Nevertheless, the immunized mice showing
consistent immune reactions to the allergens
will be useful for further characterization of
allergens.
In summary, the IgE-immunoblot analysis
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demonstrated that the major IgE-reacting
protein bands, which reacted with more than
50% of the skin test positive human sera, were
those with the molecular weights of 110, 80,
73, 46, 40, 37, 34, and 31 kDa. The reactive
band patterns were highly similar between
skin test positive humans and immune
BALB/c mice. However, the bands of 55, 31,
27, 26, 24, and 23 kDa were found only in
sensitized humans, but not in immunized
mice.
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